This study was conducted to describe the incidence, risk factors, and current treatment status of retinopathy of prematurity (ROP) in very-low-birth-weight (VLBW) infants registered in the Korean Neonatal Network database. Medical records of 2,009 VLBW infants born between January 2013 and June 2014 who underwent examination by an ophthalmologist were reviewed. The total incidence of ROP was 34.1%. Of the patients, 11.6% showed ROP stage ≥ 3 and 11.5% received treatment of VLBW. Among all infants who received treatment of ROP, 63.6% underwent operation only; 16.9%, anti-vascular endothelial growth factor (anti-VEGF) treatment only; and 19.5%, both operation and anti-VEGF treatment. The mean gestational age (GA) and birth weight (BW) were significantly lower and the prevalence rates of respiratory distress syndrome, patent ductus arteriosus (PDA), invasive ventilator duration, and sepsis were significantly higher in the VLBW infants with ROP than in those without ROP. In the multivariable logistic regression analysis, PDA (odd ratio [OR], 2.1; 95% confidence interval [CI], 1.11-3.79) and invasive ventilator duration (OR, 1.0; 95% CI, 1.00-1.02) were significant risk factors of ROP and ROP stage ≥ 3. In conclusion, the high incidence of ROP is associated with low GA and BW, and attempt to reduce the aforementioned risk factors could reduce the incidence of ROP stage ≥ 3 in VLBW infants.
INTRODUCTION
The morbidity and survival rates of very-low-birth-weight (VLBW) infants have increased owing to improved management of neonatal intensive care. Retinopathy of prematurity (ROP), which is a disorder involving the abnormal development of the retinal vasculature, is an important morbidity in VLBW infants. The long-term outcomes of ROP include retinal detachment, cataract, glaucoma, and strabismus (1-3). The incidence rate of childhood blindness caused by ROP ranges from 3% to 10% (4, 5) . Therefore, proper management is important for reducing or preventing the incidence of ROP in VLBW infants.
Lower gestational age (GA) and birth weight (BW) are common risk factors of ROP in preterm infants. In addition, oxygen therapy, respiratory distress syndrome (RDS), intrauterine infection, sepsis, and postnatal blood transfusion contribute to the development of ROP (1, 6, 7) . Studies on the incidence and outcomes of ROP among VLBW infants from different nationwide world networks have been published (8, 9) . As nationwide data were not available in Korea before, it is nearly impossible to document the epidemiology of ROP among VLBW infants in the country. Moreover, according to the increasing survival rate of extremely low birth weight (ELBW) infants in Korea, the incidence and severity of ROP have been unavoidably increasing recently. Thus, the incidence, treatment, and risk factors of ROP should be determined in order to decrease the severe outcomes of ROP in VLBW infants.
This study was conducted to determine the current status of ROP among VLBW infants in Korea based on data collected from the Korean Neonatal Network (KNN) database (10) . The incidence of ROP stage ≥ 3 and the current treatment requirement of the disease according to GA and BW were analyzed. Furthermore, the risk factors and treatment requirement of ROP stage ≥ 3 were also analyzed.
MATERIALS AND METHODS

Study population
Infants weighing < 1,500 g at birth who were born from January 2013 to June 2014 in or transferred within 28 days of birth to the participating neonatal intensive care units (NICU) of the KNN (10) were prospectively registered in the KNN database. Infants whose parents did not agree to participate in the KNN (10) were excluded.
Among the 2,386 infants in 55 participating NICUs of the KNN (10), 377 were excluded because they died prior to ophthalmic examination (284 infants) or had not undergone ophthalmic examination (93 infants). Of the 93 infants who had not undergone ophthalmic examination, 88 had not undergone ophthalmic examination during hospitalization and 5 were transferred to another hospital for reasons not related to ROP and had no available follow-up data regarding ROP. Finally, 2,009 infants were enrolled in this study (Fig. 1) .
Criteria for ROP examination and treatment of ROP
The suggested criteria for the first ROP exam included infants with a BW of ≤ 1,500 g or a GA ≤ 30 weeks (11,12). The suggested indications for treatment were any stage with plus disease or stage 3 of zone I ROP and stages 2 or 3 with disease of zone II ROP (11,12). The treatment for ROP included operation (cryotherapy or laser photocoagulation and/or vitrectomy) and/or an intravitreal injection with a vascular endothelial growth factor (anti-VEGF) agent. All ophthalmic examinations and treatment were done by a qualified ophthalmologist in participating centers. However, KNN data lack informations regarding presence of plus disease or zone status. Epidemiology and ROP treatment were based on available data on stages of ROP.
Data collection
Data were collected from the KNN (10) according to a medical chart review by trained data abstractors who used the definitions and protocols contained in a standard manual of operation. The data were then sent electronically to the KNN (10) coordinating center, which is located at the Clinical Research Institute of the Samsung Medical Center, Seoul, Korea. Patient information was collected until death or discharge from the NICU.
Data analysis
The 2,009 infants who received ophthalmic examinations for ROP were included in the analysis. Infants who died prior to discharge were excluded. The stages of ROP were classified from 1 to 5 according to the International Classification of Retinopathy of Prematurity (11,12). The highest stage of ROP in each infant was recorded. The incidence of ROP and treatment were analyzed according to the stages of ROP, and subgroup analysis according to GA and BW was conducted. To identify risk factors associated with ROP stage ≥ 3, the characteristics of all the infants, and maternal and neonatal variables were compared according to the severity (No ROP, ROP stage ≤ 2 and ROP stage ≥ 3) and multivariable logistic regression analysis was performed. Differences in treatment methods according to severity of ROP were analyzed. To determine differences in the clinical characteristics according to the treatment methods, a comparative analysis was performed between the 3 groups, namely 1) the infants who underwent operation only, 2) the infants who underwent anti-VEGF treatment only, and 3) the infants who underwent both operation and anti-VEGF treatment.
Definitions of outcomes
The maternal and neonatal variables included GA, BW, sex, delivery mode, pregnancy-induced hypertension (PIH), maternal steroid use, gestational diabetes mellitus, premature rupture of membrane, oligohydramnios, chorioamnionitis (histologically confirmed), Apgar score at 1 and 5 min, pulmonary air leak, pulmonary hemorrhage, pulmonary hypertension, respiratory distress syndrome (RDS), duration of invasive ventilation, duration of oxygen supplementation, postnatal steroid use, symptomatic patent ductus arteriosus (PDA), red blood cell (RBC) transfusion, necrotizing enterocolitis (NEC), intraventricular hemorrhage (IVH), periventricular leukomalacia (PVL), bronchopulmonary dysplasia (BPD), sepsis, and length of hospitalization. The variables used were predefined according to the KNN standard manual of operation.
RDS was defined as respiratory distress requiring ventilator care with diagnosis based on chest radiographic findings. When RDS was diagnosed, prophylactic surfactant therapy was used at the discretion of the attending neonatologist. Invasive ventilation was defined as an endotracheal ventilatory support by conventional or high-frequency oscillation ventilation. Oxygen supplementation was defined as respiratory support with oxygen via a hood, mask, or low-flow nasal cannula. Symptomatic patent ductus arteriosus was defined as a hemodynamically significant PDA confirmed by using echocardiography plus at least one of the following symptoms: 1) systolic or continuous murmur, 2) bounding pulse or hyperactive precordial pulsation, 3) hypotension intractable with inotropics, 4) aggravation of respiratory symptoms, and 5) heart failure evidenced by pulmonary edema, appearance of increasing pulmonary flow, and cardiothoracic ratio > 60% on chest radiography.
Statistical analysis
Descriptive statistical methods were used to describe the study population. The maternal, neonatal characteristics and outcomes between three groups according to the severity of ROP were compared by using ANOVA. The risk factors were analyzed by using a multivariable logistic regression analysis adjusted for GA and BW to estimate the odds ratios (OR) with 95% confidence intervals (CI). A P value < 0.05 was considered statistically significant. The statistical analyses were performed using SAS V9.4 (SAS, Cary, NC, USA).
Ethics statement
The KNN registry was approved by the institutional review board at each participating hospital and informed consent was obtained from the parents at enrollment by the NICUs participating in KNN.
RESULTS
Of the 2,009 infants who had undergone ophthalmic examination, 686 (34.1%) had diagnosed ROP. None of the infants was transferred to another hospital for ROP treatment.
Distribution of incidence of ROP
Of the VLBW infants who underwent ophthalmic examination, 65.9% (1,323/2,009) did not develop ROP. In the remaining infants, ROP reached stage 1 in 11.7% (235/2,009), stage 2 in 10.9% (218/2,009), stage 3 in 11.3% (229/2,009), and stage 4 in 0.2% (4/2,009). None of the infants developed stage 5 ROP. The incidence of ROP requiring either operation and/or anti-VEGF treatment was 11.5% (231/2,009) among all the VLBW infants and 33.7% (231/686) in the ROP group (Fig. 1) .
The incidence of ROP in the VLBW infants was analyzed according to GA, BW and the severity of ROP (Fig. 2) . The incidence of ROP was higher with lower GA and lower BW. The incidence of ROP among the survivors at ≤ 23 weeks of GA was 95.9% (46/48), 86.7% (208/240) among the survivors from 24 to 25 weeks of GA, 53.6% (214/400) among the survivors from 26 to 27 weeks of GA, 26.7% (156/585) among the survivors from 28 to 29 weeks of GA, and 11.9% (53/445) among the survivors from 30 to 31 weeks of GA. Among the infants < 28 weeks of GA at birth, the incidence of ROP at any severity was 68.0% (468/688) and the incidence of ROP stage ≥ 3 was 27.4% (189/688). The incidence of ROP was 76.9% (20/26) among the survivors with a BW < 500 g, 83.3% (180/216) among those with a BW of 500-749 g, 54.0% (248/459) among those with a BW of 750-999 g, 26.2% (153/584) among those with a BW of 1,000-1,249 g, and 11.7% (85/724) among those with a BW ≥ 1,250 g. Among the infants with a BW < 1,000 g, the incidence of ROP at any severity was 63.9% (448/701) and the incidence of ROP stage ≥ 3 was 26.7% (187/701). Table 1 shows the maternal characteristics, neonatal characteristics and morbidities according to the severity of ROP. ROP stage ≥ 3 was associated with younger GA, lower BW and Apgar scores at 1 and 5 min. Regarding maternal and obstetric factors, the incidence rate of PIH was lower and that of chorioamnionitis was higher among the infants with than among those without ROP. The incidence rates of pulmonary air leak, pulmonary Data are presented as n (%) or mean ± standard deviation.*P < 0.05, significant; between No ROP and ROP stage ≤ 2; † P < 0.05, significant; between No ROP and ROP stage ≥ 3; ‡ P < 0.05, significant; between ROP stage ≤ 2 and stage ≥ 3. VLBW, very-low-birth-weight; ROP, retinopathy of prematurity; PIH, pregnancy induced hypertension; GDM, gestational diabetes mellitus; PROM, premature rupture of membrane; NICU, neonatal intensive care unit; RDS, respiratory distress syndrome; PDA, patent ductus arteriosus; RBC, red blood cell; NEC, necrotizing enterocolitis; IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia; BPD, bronchopulmonary dysplasia. hemorrhage, pulmonary hypertension, RDS, postnatal steroid use, symptomatic PDA, RBC transfusion, NEC, IVH, PVL, BPD, and sepsis were higher among the infants with than among those without ROP. ROP stage ≥ 3 was associated with longer durations of invasive ventilation and oxygen supplementation.
Characteristics in VLBW infants with ROP
The results of the multivariable logistic regression analysis showed that GA (OR, 0.704; 95% CI, 0.645-0.767; P < 0.001), duration of invasive ventilation (OR, 1.013; 95% CI, 1.004-1.021; P = 0.004), PDA (OR, 1.902; 95% CI, 1.200-3.015; P = 0.006), and PDA requiring medication (OR, 1.591; 95% CI, 1.008-2.510; P = 0.046) significantly correlated with the development of ROP. The multivariable logistic regression analysis adjusted for GA and BW revealed that the duration of invasive ventilation (OR, 1.013; 95% CI, 1.004-1.023; P = 0.005) and PDA (OR, 2.054; 95% CI, 1.111-3.797; P = 0.022) significantly correlated with ROP stage ≥ 3 ( Table 2) .
Incidence of ROP requiring treatment
Among the infants who developed ROP, the incidence rates of ROP stage ≥ 3 and ROP requiring treatment were 34.0% (233/ 686) and 33.7% (231/686), respectively.
The incidence of ROP requiring treatment was 11.5% (231/ 2,009) among the VLBW infants in comparison to 28.1% (193/ 688) and 26.5% (186/701) who required treatment among the infants with GA < 28 weeks and BW < 1,000 g, respectively.
Among all the VLBW infants who underwent ophthalmic examination, 9.6% (192/2,009) underwent operation, 4.2% (84/ 2,009) underwent anti-VEGF treatment, and 2.2% (45/2,009) infants underwent both operation and anti-VEGF treatment. Table 3 Table 4 show the characteristics of infants according to the treatment methods: 83.1% (192/231) infants with ROP underwent operation. Although the incidence of ROP requiring treatment was higher with lower GA and lower BW (Fig. 2) , those requiring any type of treatment were most frequently observed among 24-25 weeks of GA and 500-999 g of BW.
DISCUSSION
This study is the first to use a national cohort to investigate the incidence of ROP in Korea. The overall incidence of ROP among the VLBW infants examined in this study was 34.1%. In the United States, the National Institute of Child Health and Human Development Neonatal Research Network (NICHD NRN) found that the incidence of ROP was 59% among VLBW infants of GA ≤ 28 weeks between 2003 and 2007 (8) . The present study found that the VLBW infants with GA ≤ 28 weeks showed a similar incidence of ROP of 58.9%. In this study, the incidence rate of ROP ≥ stage 3 among the examined VLBW infants was 11.6%. This incidence rate was higher than the 6% reported by the Canadian Neonatal Network (CNN) (13) , similar to the 10% reported by the Neonatal Research Network of Japan (NRNJ) (8, 14) , and lower than the 19% reported in Taiwan (15) .
The overall incidence of treated ROP in VLBW infants in the present study was higher than that reported by other authors; that is, 11.5% (231/2,009) in our study, 8.1% in the study of Turkey (16) . In VLBW infants of GA ≤ 28 weeks, the incidence of treated ROP was 22.2% in our study in comparison to 16% in the study of the NICHD NRN (8). The incidence of ROP requiring treatment among VLBW infants even with mild ROP (stage 1 or 2) was 10.9% as shown on Table 3 , however, a detailed information regarding indication for treatment such as zone, plus sign, and final stage at the time of operation were not available from KNN database.
Several studies documented the efficacy of intravitreal anti-VEGF (17, 18) especially in those with zone 1 or zone 2 posterior as stage 3+ ROP or aggressive posterior ROP. Our study showed that the total incidence of infants who underwent for anti-VEGF treatment was 36.4% with inter-institutional variability. The proportion of VLBW infants requiring anti-VEGF was highest at 45.2% among 24-25 weeks of gestational age in accordance to those presenting with most ROP stage ≥ 3. In the future, we would need a standard guideline to treat ROP with anti-VGEF The American Academy of Pediatrics Section on Ophthalmology and the American Academy of Ophthalmology recommend the screening of all infants with a BW ≤ 1,500 g or a GA ≤ 30 weeks and selected infants between 1,500 and 2,000 g or with a GA > 30 weeks with an unstable clinical course (3) . Interestingly, our data showed that the incidence of ROP of VLBW infant at GA ≥ 31 weeks was 8.4% (62/763) including those with stage 3, emphasizing the importance of screening even older gestational aged infants when indicated.
In our study, 15.8% (377/2,386) of all the infants were excluded from the ROP screening, of whom 3.9% (93/2,386) had an unknown cause of the missed examination. Other reports have documented missed ROP screening at range of 8%-13% especially for larger and older infants (19, 20) . Van Sorge et al. (21) Data are presented as n (%) or mean ± standard deviation. ROP, retinopathy of prematurity; VEGF, vascular endothelial growth factor. found that the major factor of failure to screen was the transfer to another facility. Hence, meticulous screening and assessment should be achieved in order not to miss developing ROP and ROP stage ≥ 3 Several studies have reported (15, (22) (23) (24) (25) that GA, BW, maternal preeclampsia, anemia, septicemia, oxygen therapy, and mechanical ventilation were the risk factors of the predisposition to ROP. In this study, PDA and invasive ventilator duration were important factors of the development of ROP stage ≥ 3. Speculation for these findings may have arisen owing to pulmonary deterioration necessitating ventilator support in those with PDA. The predefined definition of oxygen therapy does not require reporting the level of inspired fraction of oxygen and the duration of oxygen supplementation during ventilator use. This may have erroneously led to the conclusion that duration of oxygen therapy is not a risk factor of ROP stage ≥ 3.
ROP stage ≥ 3 is associated with increasing ophthalmologic morbidity. In long-term outcomes, ELBW infants with ROP stage ≥ 3 had more impairments, including visual processing, visual-motor integration, visual learning, and lower intelligence quotients, than those without ROP stage ≥ 3 (26) (27) (28) . The ultimate goal of the KNN (10) is to facilitate the improvement of the quality of care provided in NICUs, which would lead to improved prognoses of high-risk newborns through the development of evidence-based neonatal medicine.
In summary, the incidence of overall ROP in Korea is higher than that in highly developed countries (29) (30) (31) (32) , and risk factors for ROP stage ≥ 3 in VLBW infants were PDA and invasive ventilator. The limitation of this study includes the lack of ROP information on location (zone), extent (clock hours) of disease, and vascular changes in the posterior pole vessels (plus disease). In addition, the comparison of the incidence and severity of ROP between different countries may not be accurate because of differences in GA and BW, especially that of extreme preterm infants ≤ 25 weeks.
Follow-up studies on morbidities associated with ROP that use long-term data from the KNN are in progress (10) . Meanwhile, multidisciplinary teams, including neonatologists, obstetricians, ophthalmologists, and nurses should attempt to reduce the risk factors for ROP. Furthermore, research should focus on developing practical guidelines and preventive strategies for reducing the incidence of ROP in order to improve its status in VLBW infants in Korea.
